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(54) [Title of the Invention] 

Moisture Absorptive Film and Organic EL Display Device 
(57) [Abstract] 

[Problem to be Solved] To provide a highly-pure and highly-homogeneous moisture 
absorptive film whose moisture absorbing performance is high. 

[Means for Solving the Problem] An organic EL display device of the invention is 
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provided with a glass substrate 1 as a transparent substrate, an organic EL element 2 
formed of a transparent electrode layer 21 formed on the transparent substrate 1, an 
organic EL luminescent layer 22 formed on the transparent electrode layer 21 and a 
metal electrode layer 23 formed on the organic EL luminescent layer 22, and a back 
glass substrate 3 as a sealing member which is joined to the transparent substrate 1 so as 
to cover the organic EL element 2, while filling the interior with an inert fluid. A 
moisture absorptive film 6 made of an alkaline earth monoxide (BaO) formed by a PVD 
method using an alkaline earth peroxide (Ba02) as a target material is formed on the 
internal surface of the back glass substrate 3. By using an alkaline earth peroxide 
which is stable in the atmosphere as a target material, a highly-pure and 
highly-homogeneous moisture absorptive film 6 whose moisture absorbing performance 
is high is obtained. 
[Scope of Claims] 

[Claim 1] A moisture absorptive film made of an alkaline earth monoxide, formed by 
a PVD method using an alkaline earth peroxide as a starting material. 
[Claim 2] An organic EL display device comprising: 
a transparent substrate; 

an organic EL element formed of a transparent electrode layer formed on the 
transparent substrate, an organic EL luminescent layer formed on the transparent 
electrode layer and a metal electrode layer formed on the organic EL luminescent layer; 
and 

a sealing member which is joined to the transparent substrate so as to cover the 
organic EL element, while filling the interior with an inert fluid, wherein 

a moisture absorptive film made of an alkaline earth monoxide, formed by a 
PVD method using an alkaline earth peroxide as a starting material, is formed on at 
least one of a non-luminescent part on the organic EL element and an internal surface of 
the sealing member. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a moisture absorptive film 
and an organic EL display device. In more detail, it relates to a moisture absorptive 
film made of an alkaline earth monoxide and an organic EL display device provided 
with the moisture absorptive film. 
[0002] 

[Prior Art] As a display device for displaying, a cathode ray tube, liquid crystal, 
plasma, a light-emitting diode, EL (electro luminescence) and the like are known 
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conventionally, and they are widely used for a computer display, a back panel of a liquid 
crystal display and the like. 

[0003] Among them, EL is expected as a thin display element, since it is 
self-luminous and able to be a thin film. And, organic thin film EL which can be 
driven with a low voltage has been receiving attention recently as a thin film 
direct-current EL. Generally, an organic EL element is structured by a transparent 
electrode layer formed on a transparent substrate, an organic EL luminescent layer 
formed on the transparent electrode layer, and a metal electrode layer formed on the 
organic EL luminescent layer. And, by power distribution to the transparent electrode 
layer and the metal electrode layer, holes and electrons injected by each electrode are 
recombined in the organic EL luminescent layer, and a luminous phenomenon occurs by 
the energy at this time. This luminous phenomenon is injection luminescence similar 
to a light-emitting diode, and is characterized in that the light-emitting voltage is as low 
as 10 V or less. 

[0004] As an organic EL display device using such an organic EL element, one with 
the above-described organic EL element structure as a unit pixel, and the unit pixels 
arranged two-dimensionally in a plane on a transparent substrate, which are 
matrix-driven, is known. This is made by forming a group of striped transparent 
electrodes on the transparent substrate, forming an organic EL luminescent layer on the 
group of transparent electrodes, and forming a group of striped metal electrodes which 
are at right angle to the group of transparent electrodes on the organic EL luminescent 
layer, sequentially, and arranging unit pixels two-dimensionally in a plane so that the 
points where the group of transparent electrodes and the group of metal electrodes 
intersect have the organic EL element structures as the unit pixels. In the display 
device of this system, points where two striped electrodes to which a voltage is applied 
intersect become luminescent parts. Therefore, images can be displayed by shifting 
stripes to which a voltage is applied so as to emit light. And, the light emitted from the 
organic EL luminescent layer penetrates through the transparent electrode and the 
transparent substrate directly or after reflected by the metal electrode, and is emitted 
from the display side surface of the transparent substrate, then is viewed. 
[0005] However, an organic luminescent material used for an organic EL element is 
disadvantageous in that it is weak in water and its life is shortened by moisture. In 
addition, a metal electrode layer such as Mg alloy used for an organic EL element has 
also a disadvantage that resistance to water and oxygen is low. Then, in Japanese 
Patent Laid-Open Publication No. 9-148066, an organic EL display device with an 
organic EL element sealed in a sealing member and an absorbent placed on the internal 
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surface of the sealing member is disclosed. 

[0006] As shown in Fig. 6, this organic EL display device is provided with a 
transparent glass substrate 80, and an organic EL element 81 formed of a transparent 
electrode layer 81a formed on the glass substrate 80, an organic EL luminescent layer 
81b formed on the transparent electrode layer 81a and a metal electrode layer 81c 
formed on the organic EL luminescent layer 81b, and a sealing member 83 is joined to 
the glass substrate 80, with a sealing agent 82 therebetween, so as to cover the organic 
EL element 81, while filling the interior with an inert gas. And, an absorbent 84 is 
fixed on the internal surface of the sealing member 83 by an adhesive. 
[0007] In this organic EL display device, the sealing member 83 is joined to the 
periphery of the glass substrate 80 so as to cover the organic EL element 81, while 
filling the interior with the inert gas, so that the organic EL element 1 can be sealed 
from the atmospheric air. In addition, by the absorbent 84 fixed on the internal surface 
of the sealing member 83, moisture which comes in the enclosed space through the 
sealing agent 82 can be absorbed. Therefore, dryness in the enclosed space is 
increased and the element life can be extended. 
[0008] 

[Problems to be Solved by the Invention] Here, monoxides of alkaline earth metals 
such as Ca, Ba and Mg are shown as one of the examples of the above-described 
absorbent. And, using this alkaline earth metal monoxide as a starting material, a PVD 
method (physical vapor deposition method) such as a vacuum evaporation method and 
sputtering is performed, and a moisture absorptive film made of an alkaline earth metal 
monoxide can be formed on the internal surface of the above-described sealing substrate 
83. 

[0009] However, in the case where a moisture absorptive film made of an alkaline 
earth metal monoxide is formed on the internal surface of the above-described sealing 
member 83 by a PVD method using an alkaline earth metal monoxide as a starting 
material, there are following problems. That is, an alkaline earth metal monoxide is 
unstable in the atmosphere, and easily changes into a hydrate or a carbon oxide. For 
example, barium monoxide (BaO) reacts with CO2 and H2O in the following ways, and 
changes into a hydrate such as BaC0 3 *n(H 2 0) and Ba(0H)2-n(H20), or a carbon oxide 
of BaC0 3 . 

[0010] BaO + C0 2 BaC0 3 
BaC0 3 + nH 2 0 -* BaC0 3 *n(H 2 0) 
BaO + H 2 0 Ba(OH) 2 
Ba(OH) 2 + nH 2 0 Ba(0H) 2 n(H 2 0) 
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Therefore, in the case where a moisture absorptive film is formed by a PVD method 
using an alkaline earth metal monoxide in a powdered state as the starting material, or 
sintering the powder and using the sintered body as the starting material, impurities 
such as a hydrate and a carbon oxide exist in the starting material, so the film cannot be 
formed stably. Furthermore, the quality of the formed film is inhomogeneous and the 
purity is low, so that it is difficult to form a homogeneous and highly-pure moisture 
absorptive film, that is, a moisture absorptive film whose moisture absorbing 
performance is high. 

[0011] In addition, in the case where a moisture absorptive film is formed on the 
internal surface of the sealing member 83, an enclosed space exists between the organic 
EL element 81 and the moisture absorptive film, and there is a distance between the two, 
so that it is difficult to effectively prevent water from coming into the organic EL 
luminescent layer 81b of the organic EL element 81 and the like. The present 
invention is made in view of the above-described circumstances, and its first technical 
problem to be solved is providing a highly-pure and highly-homogeneous moisture 
absorptive film whose moisture absorbing performance is high, and its second technical 
problem to be solved is providing an organic EL display device provided with a 
moisture absorptive film which can effectively prevent water from coming into an 
organic EL luminescent layer of an organic EL element and the like. 
[0012] 

[Means for Solving the Problems] A moisture absorptive film of the present invention 
which solves the above-described first problem is made of an alkaline earth monoxide, 
formed by a PVD method using an alkaline earth peroxide as a starting material. An 
organic EL display device of the present invention which solves the above-described 
second problem is an organic EL display device comprising: a transparent substrate; an 
organic EL element formed of a transparent electrode layer formed on the transparent 
substrate, an organic EL luminescent layer formed on the transparent electrode layer and 
a metal electrode layer formed on the organic EL luminescent layer; and a sealing 
member which is joined to the transparent substrate so as to cover the organic EL 
element, while filling the interior with an inert fluid, wherein a moisture absorptive film 
made of an alkaline earth monoxide, formed by a PVD method using an alkaline earth 
peroxide as a starting material, is formed on at least one of a non-luminescent part on 
the organic EL element and an internal surface of the sealing member. 
[0013] 

[Embodiment Mode] A moisture absorptive film of the invention is made of an 
alkaline earth monoxide, formed by a PVD method using an alkaline earth peroxide as a 
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starting material. An alkaline earth peroxide can be maintained stably in the 
atmosphere, unlike an alkaline earth monoxide. Therefore, in the case where a 
moisture absorptive film made of an alkaline earth monoxide is formed by a PVD 
method using a powder of alkaline earth peroxide as a starting material, or sintering the 
powder of alkaline earth peroxide and using the sintered body as the starting material, 
there is no impurity such as a hydrate and a carbon oxide in the starting material, in a 
grain boundary of the sintered body, for example, so that a homogeneous and 
highly-pure moisture absorptive film can be formed. Therefore, the moisture 
absorptive film of the invention which is formed by using an alkaline earth peroxide as 
the starting material has a high moisture absorbing performance. 

[0014] The above-described alkaline earth peroxide means a dioxide of an alkaline 
earth metal, that is, an oxide of an alkaline earth metal having 0 2 2 ~, and it is generated 
by heating an alkaline earth metal in the air or in oxygen. Alkaline earth metals 
include Ca, Sr, Ba, Ra, Be and Mg. Although any of these can be used for the 
moisture absorptive film of the invention, Ca, Sr, Ba and Mg can be preferably used, 
considering the cost, easiness of acquisition of the highly-pure material, usefulness and 
the like. 

[0015] In order to form a moisture absorptive film made of an alkaline earth 
monoxide from the alkaline earth metal peroxide by a PVD method, a PVD method 
should be performed using a powder of the alkaline earth peroxide as a starting material 
or using the sintered body formed by sintering the power as a starting material. The 
adjustment condition for a powder of alkaline earth peroxide is not limited specially, 
and a usual condition may be used. For example, in the case of obtaining BaC>2 power, 
Ba powder, BaO*n(H 2 0) powder or BaOCC>3 powder should be heated in an oxygen 
atmosphere at approximately 500 °C, so that BaC>2 power is made. 

[0016] In addition, the sintering condition for a sintered body of an alkaline earth 
peroxide is not limited specially, and a usual condition may be used. For example, in 
the case of obtaining a sintered body of BaC>2 power, BaCh is sintered in the atmosphere 
for approximately 30 to 60 minutes, at a temperature a little lower than 450 °C which is 
a melting point of BaC>2 (that is, approximately 400 to 440 °C). In the case of sintering 
an alkaline earth monoxide, BaO, for example, sintering is performed at approximately 
1000 °C or more, but sintering at lower temperature is possible in the case of sintering 
an alkaline earth peroxide, compared to this, so it is advantageous in cost and the like. 
[0017] The above-described PVD method is not limited specially, and a vacuum 
evaporation method such as an ion beam heating method and an ion plating method, 
sputtering, and the like can be adopted preferably. The film forming condition can be 
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also set arbitrarily according to the starting material, thickness of the moisture 

absorptive film to be formed and the like. For example, the film forming condition of 

the case where the ion beam heating method is adopted can be as follows: 

output power: approximately 1 to 20 kV, approximately 0.05 to 0.3 A 

degree of vacuum: 2X10" 6 Pa or less 

film forming speed: approximately 0.1 to 1.0 nm/sec 

And the film forming condition of the case where the ion plating method is adopted can 
be as follows: 

output power: approximately 1 to 20 kV, approximately 0.05 to 0.3 A 
degree of vacuum: approximately 0.5 to 2xl0~ 4 Pa (argon pressure) 
film forming speed: approximately 0.05 to 0.3 nm/sec 

And the film forming condition of the case where the sputtering is adopted can be as 
follows: 

output power: approximately 50 to 500 W 

degree of vacuum: approximately 1 to 8xl0" 4 Pa (argon pressure) 
film forming speed: approximately 5 to 40 nm/sec 

[0018] Here, in the case of forming a moisture absorptive film on an organic EL 
element, it is preferable that a vacuum evaporation method such as an ion beam heating 
method is adopted, from a standpoint of controlling damage on the element when 
forming the film. Although the thickness of the above-described moisture absorptive 
film is not limited specially, the thicker the film thickness is, the higher its moisture 
absorbing performance becomes, so it can be set arbitrarily so as to have a desired 
moisture absorbing performance. However, when the thickness of the moisture 
absorptive film is made too thick, the film forming cost might increase and the moisture 
absorptive film might be peeled off. Therefore, in the case of applying it to an organic 
EL display device, it is preferable that the thickness of the moisture absorptive film is 
100 jxm or less, and more preferably approximately 0.1 to 30 ycm. 

[0019] In addition, in the case of applying a moisture absorptive film of the invention 
to an organic EL display device, this moisture absorptive film can be formed on the 
internal surface of a sealing member which is joined to a transparent substrate so as to 
cover an organic EL element, making an enclosed space filled with an inert fluid 
between the sealing member and the transparent substrate. However, from a 
standpoint of more surely preventing water from coming into an organic EL 
luminescent layer and the like, it is preferable that this moisture absorptive film is 
formed on the organic EL element. In this case, it is preferable that the moisture 
absorptive film is formed partially in a non-luminescent part on the organic EL element 
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so as to prevent a luminescent part of the organic EL element from being damaged by 
heat or the like when the moisture absorptive film is formed by a PVD method. In the 
case where the moisture absorptive film is formed partially in the non-luminescent part 
on the organic EL element as this, water and oxygen absorbed to the moisture 
absorptive film can be prevented from having harmful effects on the metal electrode 
layer of the luminescent part and the like, and it is unnecessary to cover the metal 
electrode layer with a stable protective film so as to prevent the harmful effects, as 
described later, which is advantageous for the cost and production. The mode in which 
the moisture absorptive film is formed partially in a non-luminescent part on an organic 
EL element is more preferably adopted to the case where many non-luminescent parts 
exist on an organic EL element, like a segment display of a clock or the like, or the case 
where the pattern is rough enough to be formed with a mask. 

[0020] Here, it is possible that the moisture absorptive film is formed all over the 
surface on the organic EL element, and in this case, by further forming a protective film 
such as an SiC>2 film and a resin film on this moisture absorptive film, a sealing member 
can be omitted. In addition, in the case of forming a moisture absorptive film in a 
luminescent part on the organic EL element (including the case of forming a moisture 
absorptive film all over the surface on the organic EL element), it is preferable that the 
metal electrode layer is covered with a stable protective film (an SiC>2 film, an MgF film 
or the like) and the moisture absorptive film is formed thereon so that water and oxygen 
absorbed to the moisture absorptive film are prevented from having harmful effects on 
the metal electrode layer and the like. 

[0021] In addition, it is of course possible that the above-described moisture 
absorptive films are formed in a non-luminescent part on an organic EL element and on 
the internal surface of a sealing member both, and in this case, the life of the organic EL 
element can be further extended by the moisture absorbing effect of each moisture 
absorptive film. As the above, in an organic EL display device of the invention with a 
moisture absorptive film made of an alkaline earth monoxide, formed by a PVD method 
using an alkaline earth peroxide as a starting material on the organic EL element, at least 
one of a non-luminescent part on the organic EL element or on the internal surface of a 
sealing member, the life of the organic EL element can be extended by a moisture 
absorbing effect of the moisture absorptive film whose moisture absorbing performance 
is high. Furthermore, when the above-described moisture absorptive film is formed in 
a non-luminescent part on the organic EL element, the distance between the organic EL 
luminescent layer of the organic EL element or the like and the moisture absorptive film 
is extremely short. Therefore, water can be surely prevented from coming into the 
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organic EL luminescent layer and the like by the moisture absorptive film, and the life 
of the organic EL element can be effectively extended. 

[0022] This organic EL display device can be provided with a transparent substrate, an 
organic EL element formed of a transparent electrode layer formed on the transparent 
substrate, an organic EL luminescent layer formed on the transparent electrode layer and 
a metal electrode layer formed on the organic EL luminescent layer, and a sealing 
member which is joined to the transparent substrate so as to cover the organic EL 
element, while filling the interior with an inert fluid. 

[0023] As the transparent substrate, a glass substrate is usually used, and a synthetic 
resin substrate can be also used. Furthermore, a flexible synthetic resin film can be 
used as the transparent substrate. In the case of using a synthetic resin film, it is 
preferable that a supplementary moisture absorptive film is formed between the 
synthetic resin film and the transparent electrode layer formed on the synthetic resin 
film so as to absorb water and the like which comes in from the outside, penetrating 
through this synthetic resin film itself. 

[0024] In the same way as the conventional case, the organic EL element is formed of 
a transparent electrode layer formed on the transparent substrate, an organic EL 
luminescent layer formed on the transparent electrode layer and a metal electrode layer 
formed on the organic EL luminescent layer. As a material for the transparent 
electrode layer, ITO (indium tin oxide), AZO (Al-added ZnO), Sn0 2 and the like can be 
cited as examples, in the same way as the conventional case. This transparent 
electrode layer can be formed by sputtering or the like. The pattern of the transparent 
electrode layer is not limited specially, and it can be formed to be the same pattern as 
the conventional case, such as stripes. 

[0025] The organic EL luminescent layer can be structured by a hole transporting 
layer, a luminous body layer formed on the hole transporting layer and an electron 
transporting layer formed on the luminous body layer, in the same way as the 
conventional case. This organic EL luminescent layer can be formed by using a 
vacuum evaporation method, a Langmuir-blodgett evaporation method, a dip coating 
method, a spin coating method, a vacuum gas evaporation method, an organic molecular 
beam epitaxial method or the like. 

[0026] As a material for the metal electrode layer, conductive metal such as Mg-Ag 
alloy and Al can be cited as examples. Since this metal electrode layer is formed on 
the organic EL luminescent layer, it cannot be formed using a film forming method at a 
high temperature or with a high energy gas operating, such as sputtering. Therefore, 
the material for the metal electrode layer is selected from materials which can be formed 
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by an evaporation method and the like. 

[0027] As for a shape of the sealing member, it is not limited specially, as long as it 
can seal the organic EL element in the sealing member, keeping airtight. For example, 
a box type sealing glass or resin having an opening on one surface, or a plate type one 
may be used, joining the periphery of this sealing glass or the like and the periphery of 
the transparent substrate with a sealing agent such as an adhesive. Or, the enclosed 
space may be structured only by a box type sealing member, placing the transparent 
substrate and the organic EL element inside of it. 

[0028] A space between the sealing member and the metal electrode layer of the 
organic EL element or the moisture absorptive film is generally made to be 10 to 150 
(utm. When this space is too narrow, the sealing member and the organic EL element 
may have contact with each other, damaging the organic EL element. In addition, it is 
possible that a spacer is placed in the enclosed space except the organic EL element part 
so as to prevent the organic EL element from being damaged. Furthermore, as for an 
inert substance which fills the enclosed space, a substance that is inert to the organic EL 
element, the sealing member and the sealing agent is good, and an inert gas such as a 
nitrogen gas, a helium gas and an argon gas, or an inert fluid of fluorine series may be 
used. 
[0029] 

[Embodiment] Hereinafter, the present invention will be described specifically by 
embodiments. 

(Embodiment 1) An organic EL display device of the embodiment 1 shown in Fig. 1 is 
an organic EL display device with a moisture absorptive film of the invention provided 
on the internal surface of the sealing member. 

[0030] This organic EL display device is structured by a glass substrate 1 as a 
transparent substrate, an organic EL element 2 formed of a transparent electrode layer 
21 made of an ITO film formed on the glass substrate 1, an organic EL luminescent 
layer 22 formed on the transparent electrode layer 21 and a metal electrode layer 23 
made of Mg-Ag alloy formed on the organic EL luminescent layer 22, a back glass 
substrate 3 as a sealing member which is joined to the transparent substrate 1 so as to 
cover the organic EL element 2, while filling the interior with an inert fluid, an adhesive 
5 as a sealing agent joining the periphery of the glass substrate 1 and the periphery of 
the back glass substrate 3 to each other so as to form an enclosed space 4 therebetween, 
and a moisture absorptive film 6 formed on the internal surface of the back glass 
substrate 3. 

[0031] The glass substrate 1 and the back glass substrate 3 are made of soda- lime 
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glass, and each thickness is 1.1 mm. The transparent electrode layer 21 is formed in 
stripes on the glass substrate 1 by sputtering, and the thickness is 1000 to 2000 A. In 
addition, the organic EL luminescent layer 22 is structured by a hole transporting layer 
formed almost all over the surface on the transparent electrode layer 21, a luminous 
body layer formed on the hole transporting layer and an electron transporting layer 
formed on the luminous body layer, each of them is formed of a known organic material 
by an evaporation method, and the thickness of the whole is 1000 to 1500 A. 
[0032] The metal electrode layer 23 is formed by an evaporation method through a 
mask, to a thickness of 1500 to 2000 A, making stripes that are right angles to the 
transparent electrode layer 21. Accordingly, in this organic EL element 2, light is 
emitted by applying a direct current voltage to the organic EL luminescent layer 22 
through the transparent electrode layer 21 and the metal electrode layer 23 driven by a 
dot matrix system, and the emitted light is viewed from the surface of the glass substrate 
1, penetrating through the transparent electrode layer 21 and the glass substrate 1. In 
addition, when a current is applied as selecting a predetermined point of the matrix 
which is formed by the transparent electrode layer 21 and the metal electrode layer 23, 
the point becomes a pixel, so that it becomes possible that an image is displayed as a 
display. 

[0033] The moisture absorptive film 6 formed on the internal surface of the back glass 
substrate 3 is made of an alkaline earth monoxide formed by a PVD method using an 
alkaline earth peroxide as a starting material. Specifically, the moisture absorptive 
film 6 is made of barium monoxide (BaO) formed by an ion plating method using a 
sintered body obtained by sintering a barium dioxide (BaCh) powder in the atmosphere 
under the condition of 440 °C x 30 min as a target, and it is formed on the internal 
surface of the back glass substrate 3 to a thickness of 1.0 jxm. Hereinafter, a film 
forming method of the moisture absorptive film 6 will be described in detail. 
[0034] First, alkali cleaning, pure water cleaning, spin drying with dry nitrogen, wet 
cleaning using ultrasound, and dry cleaning by ultraviolet rays are performed 
sequentially, and the surface is cleaned up so that the contact angle by pure water is 
approximately 5 °. And, after RF reverse sputtering (a method of cleaning by making 
gas particles such as Ar collide directly with a substrate surface) is performed, under 
vacuum of 2.0xl0* 6 Pa, using a device capable of evaporation and sputtering, the back 
glass substrate 3 is heated to 250 °C and the surface is further cleaned up. And, in the 
condition where the back glass substrate 3 is heated to 250 °C, DC ion plating is 
performed using the above-described sintered body of barium dioxide as a target, so that 
the moisture absorptive film 6 made of barium monoxide (BaO) is formed on the 
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surface of the back glass substrate 3. The film forming condition of the ion plating is 
as described below. When components of the obtained moisture absorptive film 6 is 
checked by X-ray analysis and EPMA, the moisture absorptive film 6 is made of BaO 
only, and there is no impurity existing in the moisture absorptive film 6. In addition, 
density of the moisture absorptive film 6 is 5.72 g/cm 3 , which is almost the same as 
density of bulk. 

[0035] output power: 10 kV, 0.15 A 
degree of vacuum: 1.33x10 2 Pa (Ar pressure) 
film forming speed: approximately 50 nm/sec 

As for the back glass substrate 3 on which the moisture absorptive film 6 is formed as 
described above and the glass substrate 1 on which the above-described organic EL 
element 2 is formed, the peripheries of each of them are joined together by a UV cure 
adhesive 5 in a nitrogen gas atmosphere of 1 atm. By using a UV cure adhesive, a 
problem that the organic EL element 2 deteriorates by being heated at the time of 
adhesion is prevented. In addition, the adhesive 5 is provided on the surface of the 
glass substrate 1 that is exposed without existence of the transparent electrode layer 21, 
the organic EL luminescent layer 22 and the metal electrode layer 23. In this way, the 
airtight enclosed space 4 is formed by the glass substrate 1, the back glass substrate 3 
and the adhesive 5, and a nitrogen gas fills this enclosed space 4. The pressure of the 
nitrogen gas is set to be 1 atm at room temperature (25 °C). In addition, inclusion of 
the nitrogen gas into the enclosed space 4 can be performed by joining the glass 
substrate 1 on which the organic EL element 2 is formed beforehand and the back glass 
substrate 3 together by an adhesive 6 in a nitrogen gas. 

[0036] In the organic EL display device of the present embodiment, the moisture 
absorptive film 6 made of an alkaline earth monoxide (BaO) only, formed by an ion 
plating method using an alkaline earth peroxide (BaC>2) as a starting material, is formed 
on the internal surface of the back glass substrate 3 as a sealing member which seals the 
organic EL element 2. As the above, since the moisture absorptive film 6 is formed 
using an alkaline earth peroxide which is stable in the atmosphere as a target, the 
moisture absorptive film 6 is homogeneous and highly-pure, therefore it has a high 
moisture absorbing performance. So, in the organic EL display device of the present 
embodiment, water is effectively prevented from coming into the organic EL 
luminescent layer 22 of the organic EL element 2 and the like, and the life of the organic 
EL element 2 can be extended. 

[0037] In the case of manufacturing the organic EL display device of the 
above-described embodiment 1, a plurality of organic EL display devices can be 
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manufactured with high productivity in a following way: using a large glass substrate 1 
and a large back glass substrate 3, a plurality of organic EL elements 2 are formed on 
the glass substrate 1, and a moisture absorptive film is formed all over the surface of the 
back glass substrate 3 or a plurality of moisture absorptive films 6 are formed in 
predetermined positions by using a mask, and after that, an adhesive 5 is applied to 
predetermined positions, then the two substrates are joined together, and lastly it is 
divided. 

[0038] (Comparative Example 1) Conditions other than using BaO as an alkaline 
earth monoxide as a starting material instead of BaC>2 as an alkaline earth peroxide are 
the same as the above-described embodiment 1. 

(Comparative Example 2) Conditions other than not forming a moisture absorptive 
film 6 are the same as the above-described embodiment 1. 

[0039] (Evaluation) As for the organic EL display devices of the above-described 
embodiment 1, comparative examples 1 and 2, the moisture absorbing performance of 
the moisture absorptive film 6 is evaluated. This is conducted by leaving the organic 
EL display device in a high temperature and high humidity atmosphere where the 
temperature is 85 °C and the relative humidity is 85 %, and observing how a dark spot 
of 8 to 15 \im in diameter which is seen in the initial state before left in the 
above-described conditions grows. The observation, that is, the relation between time 
of leaving the organic EL display device in the above-described conditions and the 
diameter of the dark spot, is shown in Fig. 2. Here, Fig. 2 shows the average 
observation of 30 samples. Furthermore, increase in diameter of the dark spot means 
that water is coming in the organic EL element 2, that is, the moisture absorbing 
performance by the moisture absorptive film 6 is decreasing. 

[0040] As is clear from Fig. 2, as for the organic EL display device of the comparative 
example 1 provided with the moisture absorptive film formed using BaO as an alkaline 
earth monoxide as a starting material and the organic EL display device of the 
comparative example 2 without a moisture absorptive film, growing ratio of the dark 
spot to time of the leaving is large, and the organic EL element 2 and the like deteriorate 
a lot with time. On the contrary, as for the organic EL display device of the 
embodiment 1 provided with the moisture absorptive film 6 formed using Ba02 as an 
alkaline earth peroxide as a starting material, growing ratio of the dark spot is extremely 
smaller and deteriorating degree of the organic EL element 2 and the like by water is 
smaller, compared to the comparative example 1 and 2 ones. Therefore, it is found 
that the moisture absorptive film 6 formed using Ba02 as an alkaline earth peroxide as a 
starting material has a high moisture absorbing performance. 



13/16 



English Translation of JP2000-260562 



[0041] (Second Embodiment) An organic EL display device of the embodiment 2 
shown in Fig. 3 and Fig. 4 is provided with the above-described moisture absorptive 
film 6 which is formed using BaC>2 as an alkaline earth peroxide as a starting material, 
partially in a non-luminescent part on the organic EL element 2. That is, in this 
organic EL display device, after the organic EL element 2 driven by a dot matrix system 
is formed on the glass substrate 1 in the same way as the above-described embodiment 1, 
a masking treatment is performed so that the above-described moisture absorptive film 
6 is formed only in the periphery on the organic EL luminescent layer 22 where the 
metal electrode layer 23 is not formed. In Fig. 4, a region A shown with dotted 
diagonal lines is a luminescent part region where the metal electrode layer 23 is formed, 
and a region B around the region A, which is shown with diagonal lines, is a 
non-luminescent part region, that is a region where the moisture absorptive film 6 is 
formed. 

[0042] In the same way as the above-described embodiment 1, the moisture 
absorptive film 6 is made of only BaO formed by an ion plating method using Ba0 2 as 
an alkaline earth peroxide as a starting material, and the thickness is 1 jim, in the same 
way as the above-described embodiment 1. The other structure is the same as the 
above-described embodiment 1. In this organic EL display device, since the moisture 
absorptive film 6 is formed partially in the non-luminescent part region B on the organic 
EL element 2, the distance between the organic EL luminescent layer 22 of the organic 
EL element 2 and the like and the moisture absorptive film 6 is extremely short. 
Therefore, water is surely prevented from coming into the organic EL luminescent layer 
22 and the like by the moisture absorptive film 6, and the life of the organic EL element 
2 can be effectively extended. 

[0043] In addition, since the moisture absorptive film 6 is formed partially in the 
non-luminescent part region B on the organic EL element 2, the luminescent part region 
A of the organic EL element 2 can be prevented from being damaged by heat and the 
like when forming the moisture absorptive film 6. Furthermore, since the moisture 
absorptive film 6 is formed partially in the non-luminescent part region B on the organic 
EL element 2, water and oxygen absorbed to the moisture absorptive film 6 can be 
prevented from having harmful effects on the metal electrode layer 23 of the 
luminescent part region A and the like. In addition, it is unnecessary to cover the metal 
electrode layer 23 with a stable protective film so as to prevent such harmful effects, 
which is advantageous for the cost and production. 

[0044] As shown in Fig. 5, in the case where the organic EL element 2 is driven by a 
segmented method, the moisture absorptive film 6 may be formed in a non-luminescent 



14/16 



English Translation of JP2000-260562 



part region B on the organic EL element 2, shown with diagonal lines in Fig. 5. 
[0045] 

[Effect of the invention] As described above, a moisture absorptive film of the 
invention, made of an alkaline earth monoxide formed by a PVD method using an 
alkaline earth peroxide which is stable in the atmosphere as a starting material, is highly 
pure and highly homogeneous, and its moisture absorbing performance is high. In 
addition, an organic EL display device of the invention, which is provided with a 
moisture absorptive film whose moisture absorbing performance is high as the above, 
can effectively prevent water from coming into the organic EL luminescent layer of the 
organic EL element and the like, so that the life of the organic EL element can be 
extended. 

[Brief Description of the Drawings] 

Fig. 1 is a cross-sectional view of an organic EL display device of an 
embodiment of the invention. 

Fig. 2 is a graph showing the evaluation result of the moisture absorbing 
performances of moisture absorptive films, and showing the relation between time of 
the leaving and the diameter of the dark spot. 

Fig. 3 is a cross-sectional view of an organic EL display device of another 
embodiment of the invention. 

Fig. 4 is a plan view of the organic EL display device of the another 
embodiment described above, explaining a region of a non-luminescent part where a 
moisture absorptive film is formed. 

Fig. 5 is a plan view of an organic EL display device of yet another 
embodiment of the invention, explaining a region of a non-luminescent part where a 
moisture absorptive film is formed. 

Fig. 6 is a cross-sectional view of a conventional organic EL display device. 
[Description of Letters or Numerals] 
1: glass substrate (transparent substrate) 
2: organic EL element 
3: back glass substrate (sealing member) 
4: enclosed space 
5: adhesive 

6: moisture absorptive film 
A: luminescent part region 
B: non-luminescent part region 
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^tztZ\^>. (4B a 0©3»-3^<=>££ 0 , 

S«tt5. 7 2g/cm' A^i^ ©«S t 

[0 0 3 5] ffi73 : 1 0 k V, 0. 1 5 A 
: 1 . 3 3 x 1 0" ' P a (A r EE) 
fifcflgiSK : 5 0 n m/ sec 

±12© J: -5 I3®SM6 *{fi£M$nfc#®7^f7XS1g3 
t. ±E#«EL* : F2j&«»BS*ftfc3!/5^ai«l i 
«. l«£E©**^f7i*H»rtTPI*©«*ra±*«3Rn 
«W<bS!©*#W5K:«ki5*^$n*. ^C*5, 

<bM©SSfSU*ffl^-5c:tT. g*^ti«iat&-3T*r 

fi&E L^-? 2 *i^fkT-5 ± o fc^JI^Efclt * tlT V» 

Sfc. SSI?PJ5«, ^B^m8l^2 1. fiELM 
12 2&lteWtSJI 2 3 3S«#«E1*-riw«ffit*>J7X 
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1. #ffi#5XS«3Ktf&»aj5Kcfc0m«ft£fA£ 

n 4 zwgEg^n. coijAfn 4 ftiz\tmmfixi>mA 

*nt^. ft*, giSltfXWEE^tegia (2 5C) IZ 
ffl4^<D&mfiX<D&A\t. ; p«Mr«EL*?' 2 *Jgfi& 

[0 0 3 6] ***«©*«EL**ai«Tf4. #ME 
L»?2 fcitlk-rSSlkSMffc L-T£0fI^7XM 3 
©ftfliMI::, T;P*HJ±Si®gE{b48l (BaO, ) £fciJ3£ 

7 , ;U*U±a— Bfft* (BaO) ©<^<=>ft58*21K6 
^MStlTl^. ^C^tC^ + T^ftT^TJ'J 
±JSiBBMk*Sr^-yy h t ITKSI 6 *j£gtbTH 
SOT. £©KSJBI6 tei9RT*E«©i«^ *>©£&?), 

©^TteEL^gBTte. WlEL^?2©f«EL% 
#■2 2«8ffc*»*««A-r*^tS3HijR«lK:B&<c:t*« 
TtT, E L SIT 2 ©g?S*Mfc£ 0-5 
[0 0 3 7] ft*, ±B**m©#«EL*jjMBeB£ 

*^&*'7xsis i &y;f M7xs« 
3Sffln. ^77S«i±i:«i:fiofiEL$?2 5 

v X * L TI9rJ£»ffi[ fc« ftffi © KSBt 6 * L 

^Sttift < B-ifi-r -5 - t **T # -5 . 
[0 0 3 8] (JtttWl) 7JU*'J±«*JRfl»{t«i; 

0*J 1 tl^SST**. 

[0039] mm) ±.tmmw 1 afctftjtifte! 1 

2©W«EL«;Kgfif;:r3HT. til 6 IC «t •!> 

8 5t;, H2*ag75*8 5%<D&M&m&mn.izm.sis. 

;ttBl»©fflJ«ttBKB»&nfcBg8~l 5wraOy- 

fc„ {-©BMtt*, TfctoSttBWrMi:*'-**** h 
OigiO||§^i2 Iw^-T. ft*, 0 2«SS£HSc3O 
fc^TC^BWttJftSjS-r*)©-!?**. *fc. 

h©S«a«**<fc*S£\ tiEL* ; F2fl 

[0040] 0 2*^?ge,^ft«k5c, 7;k*>'j±si& 

t L T © B a O £ fcB3!K$f £ L Tfiggl L 
SKSr«^.fcJt«0iJ 1 ©fr«£ELS*gfi£:. Rgl^ 
»j£LTt»&t»Jtttm©tf«EL*S£fi£Ttt. & 



ttK&L. yM'JiaiKftKltl/TOBaO, £UJ 
«K**£LT^Lfc«BK6S«Afc£!Sm ©#« 

EL«58IT(1 tt««iatfJttt«2©t>©tlt'< 
T, f—VKiZv h©J«SfiJ^*<g«i)T/>S<. ^«E 

T, 7**U±«iaft*tLTOBaa StiJRJKtt 

10 

[0 0 4 1] (JB2HMW) H3a^H4l=3S-r**tt 

«l2©#«SEL^SBtt. 7Jl'%V±mmWKtV3£.V 
T©B a Oi 5:ai^lPWi:LTfigKLfe±ieKS^6 £ 
#«EL*^ 2©±K#Jfi3fc»fc«#WK:»jBfcLfc'6>© 
Tfe-So "Tftt)*., COtSELSigSTIl -hSBH 

^TigI&2*l£*^EL*^ 2£^J&Lfc&, ?X + > 
^fflatJfi-r^tfCkO, W«EL^3t^2 2©±T3b 

20 ±fBES^6 £fi£BtLfc. ft*. 04t*UT. 
*Tjj*-f *tf A#&S««B 2 3 

^s-tsl. d©ffi«©sH©^an?^-rs«B*^^^ 

[0 0 4 2] CC®I16H, ±IB*«ffl|l tHtH. 7 
;U*'J±aiS*fl:*tUTOBaO, ^ffiMfitlT 
fflt^cf ^■>7 r U— >^)*»3J;i3^)KLfeB aO© 

t>©-p. -t©BtjPtt*i60a 1 «mt 
snx^*. *©te©*ij5£tt±ei**i&m tra*T» 

«. d©W«ELS^^g-tr(±. Kll6^f«EL$ 
30 ^ 2©±T»oT#Bft««*BK:«#«K:»j£S*iT 
^*fc«>. t«ELf?2©fiEL^I2 2fiK 
SM6i©reiBa»««>Tffi<fc*fc«>. K#«EL^7t 
12 2 *C*»*»«A1-4 C i SBM 6 t J: D»*l: 
BOittfT*. #IE L *f 2 ojHNrft*»#«l: 
H-SC<h#pJtE£ft-5. 

[0 0 4 3] Sfc. Ml6iiflEL$f 2±©^ 
3ta5««BlwgB^WlC}gfigStlT^-5fc«). ^116$ 
Jfcflt-r *R©fR»K: J: OfiELif 2 ©%3tffifll«A 

40 * : P2±©*5B3tta5««BfcaRfiK6*«aS«-ttlc»«ar 

^1112 3 *^ft«HIK-eai-5!^S75*ft<. nx 

[0 0 44] ft*. E15(C*T<t5tC, -fe^^>K^iC 
ttiELgf 2$IKt4«^H #*ELSHP2± 
T«?T. H5{C^St?^S*T.*^JtgB®«Bf=KB 
K 6 t »ric-T 4 C t * * . 
50 [0 0 4 5] 



11 

±-TSCi:*iT-g. EL ^©glfiSHfc^E-S :t 

mil *%w<d— &mm<z>mmEhm^mv>mwm 

[02] gRfiK££«§t&&«®H{EfiJ|l£CTL.. SfcB 
5. 
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[0 4] ±EffiQftffifflO#ttEL&iM£Ba>¥B&HT 

[0 5] *^^W$^,tcffi<7)*SSeiICD#^EL*^gB 

-timjht!**. 

[0 6] ^*©#«EL*^$IB©BTffi0T?ab«. 
10 [##©15*9!] 
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